COMPLETE METHODS

Sediment coring, sampling and chemical analysis
Sediment multi-cores and gravity cores were collected from sites LL19 in the Baltic Proper (58.8807°N, 20.3108°E, 169m water depth) and SR5 in the Bothnian Sea (61. 0833°N, 19 .5797°E, 126m water depth) during cruises with R/V Aranda in May/June 2009 and R/V Skagerak in October 2008 ( Fig. 1 of main article) . All cores were sliced at 0.5-2 cm resolution in a nitrogen-or argon-filled glovebox. Sediment samples were freeze-dried and returned to the glovebox to be powdered and ground in an agate mortar. Subsamples were decalcified by shaking in excess 1M HCl, initially for 12 h and for a further 4 h after addition of new acid.
The decalcified sediment was dried, ground in an agate mortar and analyzed by combustion for C org by Fisons NA 1500 NCS (precision and accuracy <2% based on an atropine/acetanilide standard calibration and checked against internal laboratory standard sediments). A second subsample was dissolved in 2.5 ml HF (40 %) and 2.5 ml of an HClO 4 /HNO 3 mixture, in a closed Teflon bomb at 90 °C for 12 h. The acids were then evaporated at 190 °C and the resulting gel was dissolved in 1M HNO 3 , and analyzed for Mo (202.030 nm), P (177.495nm), and Al (308.215 nm) among other elements by ICP-OES (Ametek Spectro Arcos, precision and accuracy <5 %, based on calibration to standard solutions and checked against internal laboratory standard sediments). A parallel series of samples was taken at 1-5 cm resolution in a dark lab in preparation for pigment analysis.
These samples were freeze-dried and ground, then mixed with cold HPLC-grade acetone: methanol: milliQ water (80:15:5%), sonicated and stored in a freezer (-20°C) overnight.
Extracts were centrifuged and filtered at 0.45µm, and analyzed by high performance liquid chromatography (HPLC) on a Shimadzu Prominence HPLC equipped with an on-line photodiode array detector (SPD-M20A PDA) and an auto-sampler (Sil-10AF). See Funkey et al. (2014) for more details. All raw elemental and pigment concentration data are presented in Table DR2 .
Core chronologies
Multi-core and gravity core data were combined on the basis of overlaps in the geochemical profiles. LL19 has been comprehensively dated as described elsewhere by 210 Pb dating of the upper sediments and matching of the C org profile of deeper sediments to Loss on Ignition (LOI) in the Pb pollution-isochrone/PSV-dated master core 372740-3 from the Gotland Deep (Lougheed et al., 2012a) . This chronology was used to determine the duration of the hypoxic interval during the Holocene Thermal Maximum (HI HTM ) in the Baltic Proper, and the timing of its termination at ~4.0 ka (Fig. DR1 ). PSV dating is unavailable for SR5, and accurate radiocarbon dating of Baltic Sea sediments in general is hampered by reservoir age uncertainties and the potential for contamination with reworked carbon (Lougheed et al., 2012b DR1 ). This calculation was performed assuming a reservoir age offset (ΔR) of 0 years and applying no correction for reworked carbon. Hence, the derived ages are expected to be older than the true ages of the sediments, potentially by >1000 years (Lougheed et al., 2012b) . If ΔR and the contribution of reworked carbon are assumed constant, the duration of the HI HTM in the Bothnian Sea is estimated at ~3.8 k.y., which is in the same range as the 3.3 k.y.
duration estimated for the HI HTM in the Baltic Proper (Fig. DR1 ).
Bathymetric modelling
The bathymetric modelling is based on the empirical shore-level displacement model described in Påsse and Andersson (2005 are not shown, in order to expand the scale on the P axis to highlight changes in the gravity core profile (extreme P concentrations in the surface sediments are related to modern-day cycling of P and are not representative for P concentrations upon burial).
SUPPLEMENTARY DISCUSSION
Changes in P burial rate in the Bothnian Sea
Assuming the termination of the HI HTM (as determined by enhanced C org values) at SR5 to occur at 4.0 ka, and the total duration of the HI HTM at SR5 to be 3.8 k.y. (Fig. DR1 ), we calculated mean P burial rates for the HI HTM and post-HI HTM (i.e. 4.0 -present) intervals (Table DR1) . These indicate a seven-fold higher mean P burial rate in the post-HI HTM interval, the majority of the increase being caused by higher mass accumulation rates. However, mean P concentrations are also higher during the post-HI HTM interval (Table DR1 ; Fig, DR2 ), suggesting a higher efficiency of P retention in Bothnian Sea sediments after the HI HTM .
In the absence of high-resolution mass accumulation rate estimates it is difficult to accurately reconstruct P burial rates on shorter timescales. However, the depth profile of P concentration suggests that major changes in P burial may have occurred at SR5, both during and after the HI HTM . The early part of the HI HTM at SR5 is characterized by the lowest P content of the entire record (Fig. DR2 ), leading to an extremely high C org /P tot ratio (Fig. 3 of main article), indicative of efficient regeneration of P from the sediments under strongly reducing conditions. Hereafter, P concentrations first rise steeply, and then more steadily across the termination of the HI HTM (Fig. DR2) . The increase mirrors the decline in C org concentration, and suggests that the P burial rate increased as hypoxia became less intense due to shoaling of the deep water exchange. Furthermore, a parallel increase in the Fe concentration (Fig. DR2) suggests that this excess P was buried primarily in association with Fe, either as Fe oxyhydroxide-bound P or vivianite, as observed in the Bothnian Sea today .
Interestingly, strongly elevated P concentrations are observed at 250-350 cm depth in SR5 (Fig. DR2) . We speculate that this interval may be co-eval with the HI MCA in the Baltic
Proper, and that the high P concentrations result from enhanced export of surface-water P across the straits of the Åland Sea, analagous to the situation during the modern hypoxic event (Savchuk, 2005) . However, there is no way to confirm this theory until improved dating is available for the post-HI HTM interval at SR5. 
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